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State (X = 0)
X = 1
printf("Hello World");X==1?
X!=1?
(This is a simple VIPR program)
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Syntax SIL equivalent
1) Program -> Main Proc-Set
2) Proc-Set -> Proc Proc-Set
3) Proc-Set ->
4) Main ->
Command
5) Command ->
action
[Main] ; [Proc-Set]
[Proc] ; [Proc-Set]
[Command]
action
6) Command ->
action
Command
action; [Command]
7) Command ->
cond
˜cond
if cond then [Command1] else [Command2];
[Command3]
Command1
Command2
Command3
8) Command ->
cond
˜cond
Command1
Command2
while cond do [Command1] ; [Command2]
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9) Command ->
Command
Proc
call name(Proc); [Command]
10) Command -> return
11) Proc ->
Command
name(Proc): [Command]
Syntax SIL equivalent
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pass=n
exch=0
j=0
j<(pass-1)?
j++
hold=a[j]
a[j]=a[j+1]
a[j+1]=hold
exch=1
a[j]>a[j+1]?
~a[j]>a[j+1]
~j<(pass-1)?
~exch?
exch?
pass--
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(c) [5] j++
j++
j<(pass-1)?
~j<(pass-1)?
(d) [11] pass--
exch?
pass--
(return)
~exch?
j=0
exch=0
(b) [7] hold = a[j](a) [6] if (a[j] > a[j+1])
~a[j]>a[j+1]
exch=1
a[j+1]=hold
a[j]=a[j+1]
hold=a[j]a[j]>a[j+1]?
j++
~j<(pass-1)?
j<(pass-1)?
hold = a[j]
a[j]=a[j+1]
exch=1
j++
a[j+1]=hold
687 9 ;/<>=O?

A
kWU+LN_GY`UN	nDP0`cJ+VKGIXUaXN[u.JDiDiSMYP


XOQV SJDU+`0VKGIXU
 
 	3"ﬃ
 
¢ 1t¦8&E¥)8 "ﬃJ8
	&3ﬀ
	ﬂ ﬀ$"ﬃ ﬃ%ﬂ1 *FﬀPﬀ8"8$"&32"ﬃ

3

-7ﬃ 8&&%G	¥)ﬃ%&ﬃ &ﬃﬂ 'Hﬀ
	8?"

ﬃ &ﬃ%8"&ﬃ%1	¡ l)ﬃ%&ﬃa¥ﬃ

ﬀﬂ 8&ﬃ%ﬃP&ﬀ$	 * ﬀﬂ ﬃO:

ﬀﬂﬃ(ﬀ8J"ﬀSﬃ%ﬂ -7ﬀ

ﬃ¢ ﬂ  &-&  - ﬂg¦<¥ﬃj¥	 - - ﬃO:ﬃ

3"ﬃ
ﬀﬂ"ﬃE

'(-ﬃE"ﬃP4ﬀ8"8 *)"&3ﬁ"ﬃ

3

-ﬃN8""¡ $"ﬃEQ¥	8&ﬃG)"ﬃ?* 3ﬂ


	ﬂ ¥	 - - &ﬃ%"3&ﬂ	¡")"ﬃ(&ﬀJﬀ
"	78 H+	ﬂ%GS"ﬃJ8&ﬀ14ﬃ%1

	7

-7ﬃ?-ﬀ

ﬃO-7ﬃ%1'" 	ﬂ  >/$¥3-71

ﬂ"ﬀ+	ﬂ2&ﬃ

ﬂ
	ﬂ3ﬀ/	ﬂ2*F&ﬃJ&&ﬀ' * "' "4ﬃ
H+	ﬂJ+*

ﬀ+- -0+* &ﬃ  
		ﬀﬁﬂ
ﬁ ﬁ * 3ﬂ


	ﬂ	¡ )ﬃ(&"ﬀ'

ﬂ/	7ﬂ34ﬀ/	7ﬂ 	8J

"ﬀ+	ﬂﬃ%1ﬁ&"3 8"3

8"
	"34/	ﬂ
* "' &ﬃ

ﬂ
	ﬂ3ﬀ
	ﬂ2ﬀ&ﬀ'(ﬃ%&ﬃ%5+*.&ﬃ$* 3ﬂ


	ﬂ	¡
 V T T /W
 /ﬂ2"C	8 ﬀSﬃ%EGt¥ﬃJﬀDﬃ 1ﬃE8


	

ﬃ%1 &ﬃ

ﬂ&"+-.8"&"3

"3&ﬃ%8 	ﬂ ﬀ

'(-7ﬃ%"ﬃ -2D	8&3ﬀ-6	7'(Hﬃ%&ﬀ
	Dﬃ?&&ﬀ'('?	7ﬂ
-ﬀﬂ3ﬀﬃE¡ )ﬃ(ﬃ :Cﬃ

3/	7ﬂ8"ﬃ%'(ﬀﬂ
	

8 *)3$-ﬀﬂ34ﬀﬃ+G !-#/%('6G 1ﬃ%
	Dﬃ?* "' "ﬀ	

ﬀ-)"&ﬀﬂ8
* &'(ﬀ/	7ﬂ "3-7ﬃ%8
ﬂ "4ﬃ D	78"3ﬀ+- "ﬃE"ﬃ%8&ﬃ%ﬂ"ﬀ/	ﬂ G ﬀﬂ1ﬀ8(8"3

 ﬀ"ﬃN	ﬂ14ﬃ%HﬃEﬂ1ﬃ%ﬂ * ﬀﬂ 3ﬂ41ﬃ%/-7	ﬂ"ﬃO:"34ﬀ-)-ﬀﬂ34ﬀﬃ ¡ 5ﬂ4ﬃ
ﬀ1Dﬀﬂ"ﬀﬃ5+*."C	8)ﬀ4"ﬀ

N	8)"4ﬀﬀ(38"ﬃ%)+*.&ﬃ$-ﬀﬂ43ﬀﬃ

ﬀﬂ 3ﬂ1ﬃE"8"&ﬀﬂ1=	<¥	&34- H"8&)3ﬂ1ﬃ%&8"&ﬀﬂ1	7ﬂ
ﬀ("ﬃO:&3ﬀ- -ﬀﬂ43ﬀﬃE¡
9!ﬃ

ﬀ348"ﬃ	!$#&%(' 	8

'(-7ﬃ%"ﬃO-7(D	8"34ﬀ- G"4ﬃ)8""ﬀ/	

&&ﬀ' ﬀﬂ1J	7"81ﬂﬀ'?	

ﬃ :Cﬃ

3/	7ﬂNﬀ"ﬃ)4"ﬃ%8&ﬃ%ﬂ"ﬃ%1 	ﬂ("4ﬃ
8"ﬀ'(ﬃ5* "ﬀ'(ﬃN¥0Qm¡TUC3

Pﬀﬂ * "ﬀ'(ﬃ¥QSG8&Hﬃ

	d 

ﬀ+- -7 * !	'(Sﬃ%&ﬀ/	7Dﬃ$-ﬀﬂ34ﬀﬃE8%GH'(ﬀ

ﬃ5Dﬀ-73ﬀ

-ﬃ$	ﬂ 3ﬂ	 * 	ﬂ
ﬀ(&ﬃ%ﬀ)1ﬃEﬀ-.+*.&ﬃO-ﬀ"ﬃ%1¥0Q?	7ﬂ2D	8"34ﬀ- 	O	ﬂ4 8&Hﬃ

	d 

8"&ﬀ
	

ﬀﬂ1N1ﬂﬀ'?	

ﬀ8&Hﬃ

"85+*.&"ﬀ'(8N¡
9!ﬃ

ﬀ348"ﬃ5&ﬃﬃO:ﬃ

3
	ﬂN8"ﬃ%'(ﬀﬂ/	

80+* !-#/%('P1ﬃE/	Dﬃ)ﬃ%ﬂ/	7"ﬃO-7?* "' "4ﬃ0D	8&3ﬀ-S"ﬃ%&ﬃ%8"ﬃEﬂ&ﬀ
	ﬂ GH&&ﬀ'('?	7ﬂ
-ﬀﬂ3ﬀﬃ$ﬃO-ﬃ%'(ﬃEﬂ&8)"ﬀ0ﬀ"ﬃ 	'(- 	

	7)	ﬂN"ﬃO:&3ﬀ-S-ﬀﬂ3ﬀﬃ%8ﬀ&ﬃ5ﬃO:- 	

	7)	7ﬂ !$#&%('\¡FﬃO:ﬀ'(-7ﬃG"4ﬃ5&ﬃ%8"ﬃ%ﬂ

ﬃ
*Fﬀ("ﬃE"3&ﬂ

ﬂ/	ﬂ3ﬀ/	7ﬂ2ﬀ"ﬀ'(ﬃ%"ﬃ%¢ ﬃE¡  ¡G&ﬃJ&ﬃ%"3&ﬂ ﬀ11&ﬃ%8"80¦OG ﬀ

8&ﬃ%ﬂ)	7ﬂ2"ﬃO:&3ﬀ- -ﬀﬂ43ﬀﬃ%8EGH	785&ﬃ%8"ﬃEﬂ$	7ﬂ
!-#/%('\¡ )4ﬃ58"&ﬀ&ﬃGl¥)	

?	78F	7'(- 	

	
- ﬀ8&8"ﬃ%1 * "' 8&"ﬀ&ﬃ%'(ﬃ%ﬂ"J8&"ﬀ&ﬃ%'(ﬃ%ﬂ!	ﬂP&ﬃO:"3ﬀ+-H-7ﬀﬂ3ﬀﬃ%8%G	8ﬃO:- 	

	7
	ﬂ !$#&%('\¡?ﬁﬃJﬀﬂ/	

	4ﬀ"ﬃN"ﬀ

ﬃ

ﬀ38&ﬃ("ﬃ%8&ﬃ(-7ﬀﬂ3ﬀﬃ ﬃO-7ﬃ%'(ﬃ%ﬂ"8?ﬀ&ﬃ ﬃ :CC- 	

	 	ﬂ !$#&%('6G "&ﬀ'('(ﬃ%&8 '(ﬀ
3ﬂ1ﬃE"8"&ﬀﬂ1 "4ﬃ%' '("ﬃ ﬃ%ﬀ8/	 -7D¡
 	ﬂﬀ+- -7G	¥ﬃJﬀDﬃ 1ﬃ0 HﬂﬃE1 &ﬃ 8&ﬃ%'(ﬀﬂ
	

8 *!$#&%(' * "'(ﬀ+- -S¡6(3Zﬂ4E¥-ﬃ%1ﬃG 3"8 	8 "ﬃ H"8&5* "'(ﬀ+-
1ﬃ0 HﬂC	/	7ﬂﬁ+*Tﬀ

'(C-ﬃ%&ﬃO-2D	78"3ﬀ+-.	7'(HﬃE"ﬀ
	Dﬃ(""ﬀ'('?	ﬂ?-7ﬀﬂ3ﬀﬃE¡5 	7"28&3

 ﬀ(14ﬃ0 Hﬂ	7/	ﬂ G¥ﬃ¥	 - -

ﬃ
ﬀ

-7ﬃ)"J&ﬃ%ﬀ8&ﬂ * &'(ﬀ- -Jﬀ

3Fﬀ8&Hﬃ

"8F3F3 -ﬀﬂ43ﬀﬃﬀﬂ1?"Dﬃ)E¥ 	!"ﬃO-7ﬀ"ﬃE80& "ﬃE6* &'(ﬀ- -J1ﬃ! Hﬂﬃ%1
"ﬃO:&3ﬀ- -ﬀﬂ43ﬀﬃ%8N¡
!$#&%(' 	78Pﬀﬁ3ﬂ -ﬀﬂ3ﬀﬃ "4ﬀ(	78P8&/	 - -

ﬃO	7ﬂ 14ﬃ%8/	7ﬂﬃ%1¡ )4ﬃP	7'(-ﬃE'(ﬃ%ﬂ"ﬀ
	ﬂ +* !$#&%(' 	8Pﬀ+-8&(Q%38"

ﬃE	ﬂ4ﬂ	ﬂ ¡ $3

3"&ﬃ%ﬂ?	'(-7ﬃ%'(ﬃ%ﬂ"ﬀ/	ﬂ 8&""ﬀ"ﬃ% 	8?"

3	 -1ﬀﬂ 	ﬂ&ﬃ%"&ﬃ%"ﬃE(*  ﬀ "ﬃO:"34ﬀ-)ﬃ3	Dﬀ+-ﬃ%ﬂ?*
!-#/%('(ﬀﬂ1 "ﬃ%ﬂ?"&ﬀﬂ8
-ﬀ"ﬃ)"ﬃ :C&3ﬀ-ﬂ!-#&% 'J	7ﬂ& "ﬃD	8"34ﬀ-"ﬃ%4"ﬃ%8&ﬃ%ﬂ"ﬀ
	ﬂ	¡59Fﬃ%ﬂ1?"4ﬀ%GE¥ﬃ0ﬀﬂ/	

	ﬀ"ﬃ

3	 -1	7ﬂ
ﬀ ""ﬀ'('?	ﬂNﬃ%ﬂD	"ﬂ'(ﬃ%ﬂ$	ﬂ¥)	

ﬁD	8&3ﬀ-!-#&% 'ﬁ""ﬀ'(8

3-1

ﬃ¥)/	&"ﬃ%ﬂﬁﬀﬂ12ﬃO:ﬃ

3"ﬃ%1¡ $3 ﬀ+-
¥	& !$#&%(' 	8$"(ﬀ&"ﬃ%'(45"

ﬃE""ﬃE 34ﬂ1ﬃ%&8""ﬀﬂ1 "ﬃJ14ﬃ%8/	7ﬂ GS* "'(ﬀ- 8&ﬃ%'(ﬀﬂ
	

8EG ﬀﬂ1N	7'(-ﬃ%'(ﬃEﬂ&ﬀ
	ﬂ 	8&8"3ﬃE8
*

'(-ﬃ%&ﬃO- D	8&3ﬀ- 	'(Sﬃ%"ﬀ/	7Dﬃ -ﬀﬂ43ﬀﬃ%8N¡
@K

 S   Z\
 
u-qguvPcMhM LNU+f L-q	mP0z\GYH0qkL.sgPQ_mOQLGhU+H
	 MYLNU+]NJ+LW]WP)[bXNO `cOQP0LWVKGdU+]i~PcsgLoWGdUg]RDGI`$VKJSOQP0H0q|}Uﬀﬁﬂﬃ! "#%$'&'&(
)**
*,+#-/.102ﬁ435.6,784ﬁ3#9:2;<9ﬀ3#9'ﬁQxNR+LW]^P0H
==>#@?A
xluvPcOQ]WPcUtx#BXNOQz\LkWx
?/?C
q
  D@
\q>J	qWuOQXEXN{DH0q<B-X<HKGdMYoWPcOiSJDMdMIP0V N.HTHTPcU+`0PLNU+fLW`0`QGIfDPcUDVTH\X[lHTXN[bVyz\LNOQPPcU+]NGdU+P0PcOTGdUg]Dq<)**
*FEG.10<32 HcxRgL^]WP0H
IJ>2?
x
?/=K
q
  C@
rLkWU+PML.GIVKOTGdUmx
LGY`¿s+LWPQM

XNs+PcOQVKk^x\LNU+fuvPcUMQLN_GhUONgXNOTUtqPps+PfDP0HKGY]NU,XN[ L`$XN_RSMYP0VTPcMYkaoWGIHKJ+LNM XNiQMcP0`0VSRyXOTGIPcUDVTP$f
RSOQX^]NOQL__GdUg]MYLNU+]NJ+LW]^PWq|bU TVT
+#;<WYX &([Z\]Qﬁ"#0^_784ﬁ3#9:
Ta`cbd 4eT
H< H%
9.!.%4fxgR+LW]^P0H
?@>fCA
x
rL^HKsSGdU+]WVTXNUtx

q L-qhx


PcR+VTPc_ilPcO
@??C
q
  gJ
rLkWU+P L.GYVKOTGhUtxLGY`TsgL^PcM

XsgPQOQVKkWxDLNU+fu\PcU@McLN_GdUhNgXOTUmq gXOT_1LNM+HTPc_1LNUDVKGY`0H	XN[t`0XUDVKOQXNMl`0XUgHTVKOTJ+`0VTH.GdUL<`0X_RSMYP0VTPcMYk
oWGIHKJ+LNMtGh_RlPQOQLWVKGYoWP"MYLNU+]NJ+LW]^PWq
	P0`TsSUDGI`$LNM PcR~XNOQV LjikR L


Rl
KC
R
?C
x

PcRgLOQVK_1PcUDVXN[*L\X_RDJ+VTPcO


`cGYPcU+`0PWxﬀi"UDGYoWPcOQHKGYVKk
XN[ L\XNMYXNOQL^fSXDxgu\XJSMYfDPcOxgu\XJSMYfDPcOx.LZx


PQRgVTPc_6ilPcO
?/?C
qv|}U1RSOQPcR+LNOQL^VKGIXUmq
  A@
N"q

G M¿{DHTVKOQLSq4"U VKsgPa`cOTJ+PcMYVKkX[<OQP0LNMdMYkVTP0L^`¿sDGhU+]:`0XN_RDJgVTPQOHT`QGIPcU+`0PWqmEn.%.!352H9' 4H2ﬁhﬃY "#WoE8p1x\RgL^]WP0H
C/?K@>2g/Ig
x

P0`0Pc_6ilPcO
?/=?
q
 
l

N"q+r q

G M¿{DHTVKOQLSq
WrqV4ﬁ 0<:s<ﬂﬃﬂ
9.!.%ﬀWqJ	OQPcUDVKGY`0PR
H
LMhMyx NU+]NMYP0z\XEXEfML.MdGutlH0xﬀBwvSx
@?K
l q
  K@ 
qmr9q DJSOTU+LWH0qhBP0z ]NOQLRSsDGY`0LNM\OQP$LWHTXNUDGdUg]_1XEfDPcMIH[bXNO<JDU+fSPcOQHTVTLUgfEGdUg]a]NOQLRSsDGI`$LNM\GdUDVTPcOT[bL^`0P0H0q|bU[
4ﬀﬁwﬃ
E8xj)#X &'$WxWRgL^]WP0H
Kf>ﬀK=
x#	UgLsgPcGd_ax-Ly	)xﬀ	"RDOTGhM
?/=f
q<	ULjL J	OQP0HTH0q
  =@
N"q J	q

MdGdUgPcOQV<LUgf


q q8	LUSGd_1XWVTXDqcJGY`0Vz	UGhUDVTPQOQLW`0VKGYoWP]OQLNRDsSGY`0LM"RDOQXW]OQLN__GhU+]PcUDoWGdOQXNUD_PQUDV0q[EG.k0<32 cQx
RgL^]WP0H
K@>fDA
x2B-XoWPQ_ilPcO
@?=g
q
  ?@
N"q2vSq

XMhGdULUgf


q J	q PcGYHTH0q8\s+P-HKRlP0`QG +`0LWVKGYXNUwXN[ oWGIHKJ+LNMlMYLNU+]NJ+LW]WP<HTkWUDVTLnlq	|}U$'&{ﬀ&k)**
*rZ\]ﬁ"#0|[7}4ﬁ329:
;<9ﬀ329fﬁQxNR+LW]^P0H
IQA@>#/I
x "X_1PWxD|SG	 '~x -`0VTXNilPQO
?/=?
q
 Ih
qﬀLq

LNsDUaLNU+fjFZqﬀ	)q


LNOQL^HTz\LWV0qﬁL\XN_RSMYP0VTPoWGIHKJ+LNMdG4$LWVKGYXNU+H"X[`0XNU+`cJDOTOQPcUDV"RDOQXW]OQLN_1HLNU+fjVKsgPQGhOPcnDP0`QJgVKGYXNU+H0q\|bU
ﬀﬁkﬃz "#%$'&'&'ﬂ)*
*
*rZ\]ﬁ"#0,78ﬁ329:#;<9ﬀ329'@ﬁQx0R+LW]WP$H
K@>2A
x


{EXN{EGYPWxl| .x+-`0VTXNi~PcO
??I
q
 
Lq>Nq

XNR+LW`TsgP<LUgfcNq>J	q

MdGhU+PcOQV0qz78ﬁ329:'Q9.%.!4ﬀ%*
#4#.o< 4ﬁda99'Q.!ﬁk9<z+#-/ﬁ H.%ﬁQx^`¿s+LNR+VTPcO Lj
	ULGdnDP0f	PcnDVKJ+LNM

OQLRSsDGY`0LNM*N	UDoWGhOQXUS_1PcUDV[bXNO L-q| N*NQN LpX_RSJ+VTPcO


XE`cGYP0VKkcJ	OQP0HTH0x tXWHﬂ	MIL_GIVTX^H0x Lj	Zx
?/?JI
q
 D 
qr9qLj`0|bUDVKkWOQPLNU+f]Nq J	q

MhGdU+PcOQV0qEF"GYHKJ+LNMDVTXEXNMYH [XNO`cOQP0L^VKGhU+]\GI`$XNUDGI`	RSOQX^]NOQL__GdUg]PcUDoWGdOQXNUD_1PcUDVTH0qE|bUhJ4fQﬁ
ﬃ "#Y$'&'&(Y)*
**ŁZ\]ﬁ"#0,784ﬁ3#9:
;<9ﬀ329'@ﬁQxlRgL^]WP0H

l
D@>2
l
=
x


P0L^VTVKMIPWxrY	)x


PcR+VTPc_i~PcO
?/?C
q\| N*N*N
L\XN_RSJ+VTPcO


XE`cGYP0VKk^q
 C 

q*J	q PcGYHTH0q J	P0`$LNU} J	OQXW]OQLN_ fDP0oWPcMYXNRD_1PcUDV)HTkEHTVTPc_1HVKsgL^VHKJDRSRlXOQV_JSMYVKGdRSMYPoWGYP0zH0q)*
**59#ﬁd9'J 4H2ﬁ!
+<ﬃ 4
9ﬂ*
ﬀ4<ﬀWxNR+LW]^P0H
D/K
l
>fD=/A
x#LjLOQ`¿s
@?=/A
q
 g
<q

q2	PcUDUgPcUDV0qk+<.9< 4Hﬁkﬃﬂ
9.!.%4f;<9fQ329'ﬁcq.J	OQPcUDVKGY`0PR
H
LMhMyx
?/?f
q
 Ah
qlr(GYVTVTPcUEilPcOQ]DqnN.LOTMIP0kRyHTVykWMIPZR+LNOQHKGdU+][bXO<OQPcMIL^VKGIXUgLM]NOQL__1LOQH0q-|bU[
4ﬀﬁVﬃo "#o$'&'&!)**
*Z]ﬁ"#0
,784ﬁ329:#;<9ﬀ329fﬁQx


P$LWVTVKMYPWxgrY	)x


PcR+VTPc_ilPQO
@??/D
q
@

   ]Ya-    t(>T I\ ^   VKW(1ZY 
   \  S)_ `!a[b
1) Program → {Main,Proc-Set},
Main outside Proc-Set
2) Proc-Set → {Proc,Proc-Set},
Proc outside Proc-Set
3) Proc-Set → {}
4) Main → {state,ring,Command},
contents(ring) = {Command},
state connects-outside ring
5) Command → {ring,action}
action on ring,
contents(ring) = {}
6) Command → {ring,action,Command},
action on ring,
contents(ring) = {Command}
7) Command → {ring1,ring2,ring3,ring4,cond1,cond2,
Command1,Command2,Command3,arrow1,arrow2},
contents(ring1) = {ring2,ring3,ring4,arrow1arrow2},
cond1 on ring2, cond2 on ring3, text(cond1) = ˜text(cond2),
contents(ring2) = {Command1},
contents(ring3) = {Command2},
contents(ring4) = {Command3},
arrow1 connects Command1 to ring4,
arrow2 connects Command2 to ring4
8) Command → {ring1,ring2,ring3,cond1,cond2,
Command1,Command2, arrow},
contents(ring1) = {ring2,ring3, arrow},
cond1 on ring2, cond2 on ring3, text(cond1) = ˜text(cond2),
contents(ring2) = {Command1},
contents(ring3) = {Command2},
arrow connects Command1 to ring1
9) Command → {ring,smallring,arrow1,arrow2,Command},
contents(ring) = {Command,smallring,arrow1},
smallring connects-inside ring,
arrow1 connects smallring to Command,
Proc outside ring,
arrow2 connects ring to Proc
10) Command → {ring,smallring,arrow},
ring inside ring2,
smallring connects-inside ring2,
arrow connects ring to smallring
11) Proc → {ring,Command},
contents(ring) = {Command,smallring},
smallring connects-inside ring
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